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® Printed circuit board. 

© This printed circuit board (200) with optical sig- 
nal distribution layer (101, 102) uses a layer of 
transparent material or an optical fiber mat build into 
the laminated printed circuit board structure to inter- 
connect various opto-electrical devices (110,111) 
which are attached to the surface of the printed 
circuit board. 

The optical devices are connected to the buried 
optical fiber layer by drilling vias in the printed 
circuit board to intercept the fiber or the particular 
optical signal distribution layer at a desired location. 
The via is then filled with an optical material (210) 
whose optical properties provide for the coupling of 
light energy from the intercepted optical signal dis- 

atribution layer through the via material to the surface 
of the printed circuit board. Opto-electrical devices 
fN^are connected over the top of these vias and per- 
^|form the optical light energy to electrical signal con- 
© version function. 
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PRINTED CIRCUIT BOARD 



This invention relates to printed circuit boards. 

It is a problem to Interconnect optical devices 
on a printed circuit board. These optical devices 
are generally interconnected by routing individual 
optical fibers along the surface of the printed circuit 
board. These optical fibers are usually not attached 
in any way to the printed circuit board and are thus 
exposed to damage in manufacturing and handling 
of the printed circuit board. 

According to one aspect of the present inven- 
tion, there is provided a method of manufacturing a 
circuit board, comprising the step of arranging op- 
tical signal distribution means relative to a compo- 
nent layer characterised by laminating at least an- 
other layer of circuit board to the said component 
layer to cover the said distribution means, and 
forming at least one via of optical transmission 
material through at least one of the said layers 
between the said distribution means and the sur- 
face of the circuit board. 

According to another aspect of the invention, 
there is provided a printed circuit board comprising 
a component layer, and optical signal distribution 
means secured to the said component layer, 
characterised by at least another layer of circuit 
board laminated to the component layer and cover- 
ing the said distribution means, and at least one via 
of optical transmission material extending through 
at least one of the layers between the distribution 
means and the surface of the circuit board. 

The above problem is solved and a technical 
advance is achieved in the present invention by 
providing a printed circuit board with at least one 
optical signal distribution means. In one embodi- 
ment of the invention the optical signal distribution 
means comprises one or more individual optical 
fibers buried in the printed circuit board structure 
to interconnect with the optical devices that are 
attached to the printed circuit board. During the 
manufacturing process these optical fibers are po- 
sitioned relative to and preferably secured to a 
component layer and then laminated with the other 
component layers to become part of the printed 
circuit board structure. 

In another embodiment of the invention, the 
optical signal distribution means comprises at least 
one optical signal distribution layer. The distribution 
layer is a layer of transparent material or an optical 
fiber mat built into the laminated printed circuit 
board structure to interconnect various opto-elec- 
trical devices which are attached to the surface of 
the printed circuit board. 

The optical devices mounted on the surface of 
the printed circuit board are connected to the 
buried optical fibers or the distribution layer by 



drilling a via or vias in the printed circuit board to 
intercept an optical fiber or fibers or the layer or 
layers. The via is then filled with an optical material 
whose optical properties couple the light energy - 

5 from the intercepted optical fiber or distribution 
layer through the via material to the surface of the 
printed circuit board. The optical device(s) is at- 
tached to the surface of the printed circuit board 
over the via(s). The optical device contains an 

10 opening in the bottom thereof so that light energy 
can be transmitted from or received from the via 
by the bottom side of the optical device. Received 
light is converted into electrical signals. 

In this fashion, the printed circuit board with 

75 optical signal distribution layer avoids the problem 
of having individual optical fibers interconnect op- 
tical devices on the surface of the printed circuit 
board. The buried optical fibers or optical distribu- 
tion layer are not subject to damage in manufactur- 

20 ing or handling of the printed circuit board. This 
arrangement also provides an improved structure 
for terminating the optical distribution layer or op- 
tical fibers on an optical fiber connector. 

The invention may be better understood from a 

26 reading of the following description of two embodi- 
ments taken into conjunction with the drawing, in 
which: 

FIG. 1 illustrates the structure of the printed 
circuit board with optical signal distribution layer; 

30 FIG. 2 illustrates in cross sectional form the 

structure of one of the optical vias; 

FIG. 3 illustrates, in exploded form, the 
structure of the second embodiment showing the 
printed circuit board with the optical signal distribu- 

35 tion layer; and 

FIG. 4 illustrates, in a cross sectional view, 
the structure of the optical vias of the second 
embodiment. 

An epoxy glass printed circuit board is nor- 

40 malty constructed from one or more layers, called 
component layers, of epoxy glass material. Each 
component layer in an epoxy glass printed circuit 
board is fabricated from a plurality of glass mats. 
The glass mats are impregnated with epoxy ad he- n 

45 sive and stacked one on top of the other to form 
the component layer. The glass mats form a rigid 
matrix once the epoxy adhesive cures. Electrically 
conductive paths can be added to the top and 
bottom surfaces of the component layer by lami- 

50 nating a copper coating on the top and bottom 
surfaces of the component layer. The copper coat- 
ing can then be etched in well known fashion to 
create electrically conductive paths. 

In a multi-layer printed circuit board, a plurality 
of component layers are glued together with an 



2 



EP000272027 (http:tfwww.getthepatent.co^ 3 of 7 



0272 027 



adhesive commonly referred to as B-stage epoxy 
adhesjve. This B-stage epoxy adhesive is applied 
to mating surfaces of the component layers and the 
resulting structure is subjected to the application of 
heat and pressure to cure the adhesive and form a 
unitary multi-layer printed circuit board structure. 

FIG. 1 illustrates the printed circuit board in 
which optical fibers form the optical signal distribu- 
tion means. This printed circuit board is displayed 
in FIG. 1 in exploded form wherein the board is 
constructed of two printed circuit board component 
layers 100 and 101. One or both of these printed 
circuit board component layers carry the circuit 
elements which are to be interconnected by the 
electrically and optically conductive paths of the 
printed circuit board. FIG. 1 Illustrates a plurality of 
circuit elements 120-I2n attached to the surface of 
printed circuit board component layer 100. Like- 
wise, a plurality of circuit elements can be attached 
to the bottom surface of printed circuit board com- 
ponent layer 101 and the outline of one such 
device 201 is illustrated in FIG. 1. These devices 
can be electrical devices and/or opto-electrical de- 
vices. Printed circuit board component layer 100 
carries numerous electrically conductive paths (not 
shown) in the top surface thereof to interconnect 
the input and output terminals of the various elec- 
trical devices attached to the top surface of printed 
circuit board component layer 100. One or more of 
the devices attached to printed circuit board com- 
ponent layer 100 can be opto-electrical devices, 
which perform a signal conversion function be- 
tween electrical signals and optical signals. 

In addition to printed circuit board component 
layers 100 and 101, an optical fiber connector 102 
is shown with four optical fibers 110-113 connected 
thereto. Printed circuit board component layer 101 
has illustrated on the top surface thereof four dot- 
ted lines which indicate the pattern in which the 
optical fibers connected to optical fiber connector 
102 are arranged on the surface of printed circuit 
board component layer 101. In manufacturing the 
printed circuit board with optical signal distribution 
layer, printed circuit board component layer 101 is 
arranged to have the four optical fibers 110-113 
secured to the top surface thereof. The method of 
arranging the optical fibers to the surface of printed 
circuit board component layer 101 is preferably 
done with an adhesive. Each of the optical fibers 
110-113 is adhesively bonded in a predetermined 
pattern of the top surface of printed circuit board 
component layer 101. A layer 103 of B-stage ep- 
oxy adhesive is applied to either the top surface of 
component layer 101 or the bottom surface of 
component layer 100. Printed circuit boards com- 
ponent layer 100 is then laminated on top of the 
optical fibers 110-113 attached to the top surface 
of printed circuit board component layer 101 there- 



by producing a multilayer circuit board in which the 
optical fibers are sandwiched between printed cir- 
cuit board component layers 100 and 101. 

Printed circuit board component layer 101 con- 

s tains one or more holes or vias drilled through the 
printed circuit board component layer. Each of the 
holes 130-133 is drilled through the printed circuit 
board component layer to intersect or interact with 
a respective one of optical fibers 110-113. These 

70 holes or vias are then filled with an optical material 
so that any light energy carried by one of the 
optical fibers intercepted by the via would be trans- 
mitted through the optical material to the surface of 
the printed circuit board component layer. 

re FIG. 2 illustrates a cross sectional view of an 

optical via 203 through an assembled printed cir- 
cuit board. Printed circuit board component layers 
100 and 101 sandwich B-stage epoxy adhesive 103 
and the plurality of optical fibers, one of which 

20 (111) is shown on FIG. 2. The unitary structure that 
results from the lamination of printed circuit board 
component layer 100 to component layer 101 re- 
sults in a printed circuit board 202. The optical via 
203 shown in FIG. 2 is exaggerated in Its dimen- 

25 sions to illustrate the concept of the subject inven- 
tion. Optical via 203 is drilled through the top 
surface of printed circuit board 202 to intersect 
optical fiber 111. Optical material 204 is then cast 
Into optical via 203 to carry the light energy from 

30 the optical fiber 111 to the top surface of printed 
circuit board 202. The optical via can be drilled to 
just intersect optica) fiber 111 or can be drilled all 
the way through printed circuit board 202 and a 
mirrored plug 210 inserted therein from the bottom 

35 of the printed circuit board to reflect the light 
energy carried by optical fiber 111 up to the top 
surface of the printed circuit board 202 through 
optical material 204. In either case, the light energy 
is carried from optical fiber ill through optical 

40 material 204 to opto-electrical device 121. Alter- 
natively, optical energy can be generated in device 
121 and carried to fiber 111. As described above, 
opto-electrical device 121 has an opening in the 
bottom thereof where light energy from the optical 

46 material 204 can be transmitted into the inside of 
opto-electrical device 121. Opto-electrical device 
121 contains well known optical to electrical con- 
version circuitry which converts signals between an 
electrical format and the light energy carried or to 

so be carried by optica] fiber 111. 

In this embodiment, optical fiber or fibers are 
buried in the structure of printed circuit board 202 
to become part of the unitary printed circuit board 
and is therefore not exposed to handling or many 

56 factoring. Optical fibers 110-113 can be pigtailed 
off the end of printed circuit board 202 to connect 
to an optical fiber connector 102. The optical fibers 
110-113 could be completely encapsulated by the 
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printed circuit board and the epoxy board material 
etched away at the very end of the assembly 
process to expose optical fibers 110-113 for con- 
nection to optical fiber connector 102. 

FIG. 3 illustrates, in exploded diagram form, 
the structure of the printed circuit board with two 
optical signal distribution layers, although only one 
such layer could be employed. The printed circuit 
board consists of two printed circuit board layers 
300, 304 which comprise the top and bottom layers 
of the printed circuit board. Printed circuit board 
layers 300, 304 can be either component layers, 
described above, or optical fiber mats. To simplify 
the description, printed circuit board layers 300, 
304 are assumed to be component layers. Printed 
circuit board component layers 300 and 304 are 
the printed circuit board layers to which the various 
electrical and opto-electricaJ devices are attached. 
In addition, the printed circuit board includes at 
least one signal distribution means in the form of 
one or more optical signal distribution iayers 301, 
303 which can be either optical fiber mats or layers 
of optically transparent material. 

If optical fiber mats are used to implement 
optical signal distribution layers 301,303, the op- 
tical fiber mats must be bonded such as by diffu- 
sion prior to printed circuit board assembly. The 
optical fiber mats consist of a X-Y matrix of inter- 
woven optical fibers. To provide an optical signal 
distribution layer, the optical fibers in the optical 
fiber mat are diffusion bonded at a sufficient num- 
ber of X-Y intersections so that optical signals can 
be coupled throughout the optical fiber mat The 
diffusion bonding at these X-Y intersections cou- 
ples the optical signals from one optical fiber to 
another and also provides additional mechanical 
stability to the optical fiber mat. 

These optical signal distribution layers 301, 
303 are separated from each other by an opaque 
layer of material 302. The opaque layer of material 
302 is inserted between optical signal distribution 
layers 301, 303 to prevent any light coupling be- 
tween optical signal distribution layers 301, 303. 
Optical signal distribution layers 301-303 are then 
interspersed with layers of B-stage epoxy adhesive 
321*324 and sandwiched between printed circuit 
board component layers 300, 304 and the entire 
structure is laminated together to create a unitary 
structure having, in the exemplary embodiment, 
two optical signal distribution layers 301,303. The 
optical signal distributions layers 301, 303 can be 
connected via optical fiber pigtail leads 306, 307 to 
an optical fiber connector 305. 

A number of electrical and opto-electricaJ de- 
vices 310-313 are shown on FIG. 3 to illustrate the 
location of the various devices attached to the top 
surface of component layer 300 of the printed 
circuit board. Devices such as 3*10-313 can be 



attached to printed circuit board component layer 
300 as well as printed circuit board component 
layer 304. Various electrically conductive paths (not 
shown) are also attached to the surface of printed 
5 circuit board component layers 300, 304 in well 
known fashion to interconnect the input and output 
electrical terminals of the various devices 310-313 
attached to the surface of printed circuit board 
component layers 300, 304. One or more devices 

10 310-313 attached to the surface of printed circuit 
board component layer 300 can be opto-electricaJ 
devices which perform a signal conversion function 
to convert between optical light energy carried by 
the optical signal distribution layer and the elec- 

76 trical signals transmitted via the electrically con- 
ductive paths to various electrical devices attached 
to the surface of printed circuit board component 
layer 300 or 304. 

FIG. 4 illustrates across sectional view of two 

20 optical vlas drilled through the printed circuit board 
component layer 300. Optical via 414-shown on the 
left side of FIG. 4 is drilled through printed circuit 
board component layer 300 to optical signal dis- 
tribution layer 301. This optical signal distribution 

26 layer can be a matrix of optical fibers or a layer of 
transparent material which conducts light energy 
throughout that layer of the printed circuit board. 
Optical material 412 fills via 414 and has optical 
properties such that the light energy in optical 

30 signal distribution layer 301 is coupled through the 
optical material 412 to the surface of printed circuit 
board component layer 300. Optical device 311 is 
connected to the top surface of printed circuit 
board component layer 300 directly over optical via 

as 414. Opto-electrical device 311 contains an open- 
ing in the bottom thereof so that light energy car- 
ried to the surface of the printed circuit board by 
optical material 412 enters the opening in opto- 
electrical device 311 and is converted therein into 

40 electrical signals. 

In similar fashion, opto-electricaJ device 310 on 
the right hand side of FIG. 4 covers optical via 413 
drilled through printed circuit board component lay- 
er 300, optical signal distribution layer 301 , opaque 

46 layer 302 to optical signal distribution layer 303. An 
opaque material 410 is used to coat the sides of 
this via so that light energy from optical signal 
distribution layer 301 does not enter via 413. Op- 
tical material 411 fills via 413 so that the light 

so energy can be transmitted between optical signal 
distribution layer 303 and device 310 through op- 
tical material 411. As with opto-electrical device 
311, opto-electrical device 310 converts light en- 
ergy transmitted through optica) signal distribution 

55 layer 303 and optical material 411 into electrical 
signals for transmission over the electrically con- 
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ductive paths on the surface of printed circuit 
board component layer 310 to various others of the 
devices attached thereto. 



Claims 

1. A method of manufacturing a circuit board, 
comprising the step of arranging optical signal dis- 
tribution means (110 to 113 or 303) relative to a 
component layer (101 or 304), CHARACTERISED 
BY laminating at least another layer (100) of circuit 
board to the said component layer to cover the 
said distribution means, and forming at least one 
via (130) of optical transmission material (204) 
through at least one of the said layers between the 
said distribution means and the surface of the 
circuit board. 

2. A method according to claim 1, CHARAC- 
TERISED IN THAT the distribution means is se- 
cured to the said component layer prior to the 
lamination step. 

3. A method according to claim 1 or 2, 
CHARACTERISED IN THAT the distribution means 
comprises a plurality of optical fibers (110 to 113) 
with a via (130 to 133) Intersecting with each re- 
pective fiber. 

4. A method according to claim 3, CHARAC- 
TERISED IN THAT a mirrored plug (210) forms 
each via. 

5. A method according to claim 1 or 2, 
CHARACTERISED IN THAT the distribution means 
comprises at least one layer of transparent material 
or at least one optical fiber mat of interwoven 
fibers, and in that each via extends from a trans- 
parent layer or mat to a component on the compo- 
nent layer. 

6. A printed circuit board comprising a compo- 
nent layer (101, 304), and optical signal distribution 
means (110 to 113 or 303) secured to the said 
component layer. CHARACTERISED BY at least 
another layer (100) of circuit board laminated to the 
component layer and covering the said distribution 
means, and at least one via (130) of optical trans- 
mission material (412) extending through at least 
one (300) of the layers between the distribution 
means and the surface of the circuit board. 

7. A printed circuit board according to claim 8. 
CHARACTERISED IN THAT an opto-electrical de- 
vice (121) is located on the circuit board surface 
and over a respective via. 

8. A circuit board according to claim 6 or 7, 
CHARACTERISED IN THAT the distribution means 
comprises a plurality of optical fibers (110 to 113) 
with a via (130 to 133) intersecting with each fiber. 

9. A circuit board according to claim 8 or 7, 
CHARACTERISED IN THAT the distribution means 
comprises at least one layer of transparent material 
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(103) or at least one optical fiber mat of interwoven 
fibers, and in that each via extends from a trans- 
parent layer or mat to a component (41l)«on the 
component layer. 

10. A circuit board according to claim 8, 
CHARACTERISED IN THAT a mirrored plug (210) 
forms each via 
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